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THE DEFINITION OF THE ELEMENT. 


F. P. VENABLE. 


It is with hesitation that I enter upon so speculative a dis- 
cussion as the nature of the elements, and yet there are rea- 
sons why it should prove of great profit to draw the attention 
of this representative gathering of the chemists of America 
to this subject. We have nearly reached the close of the first 
century in which these elements have been the subject of ex- 
perimental research. The ingenuity and the patient labor of 
an army of workers have been directed toward the solution of the 
many problems connected with these elementary substances, 
and the ultimate aim, the goal, of all their striving has been 
the discovery of the properties and the nature of the atom. 

It is eminently fitting that, as we stand at the threshold of 
the new century, we glance back along the road we have al- 
ready come and take some account of the progress we have 
made. ‘The quicksands of mere speculation must be avoided, 
and yet the mental vision, the ‘scientific imagination,’ must 
be called into service in considering that which so far tran- 
scends our cruder actual vision as the incomparable atom it- 
self. ‘There is another reason for considering the nature of 
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the elements. At several times during the century a wider 
vision has made it necessary to recast the definition of the 
elements to accord with increasing knowledge. It would 
seem as if another such period of change were approaching. 
There may be need of a truer definition, and how shall this 
be realized or the new definition properly fitted unless the 
knowledge gained be summed up and appreciated? 

The conception of an element among the Greek philoso- 
phers and the earlier alchemists was very different from the 
modern idea. This conception sprang from the theories as to 
the formation of the material universe. The elements were 
the primal forms of matter seen only combined, impure, im- 
perfect. They were the essences or principles out of which 
all things were evolved. In the four-element theory, which 
was so widely spread among the ancients, the fire, air, earth 
and water were not the ordinary substances known under 
these names, but the pure essences bestowing upon fire and 
water their peculiar properties. These essences were not 
thought of as actual substances capable of aseparate materi- 
al existence, and gradually the belief that a transmutation 
was possible between them sprang up. Thus they themselves 
might be derived from some one of them, as fire or water. 
The Thalesian theory deriving all things from water was es- 
pecially popular and was not completely overthrown until the 
modern era. 

When, later on, the alchemists conceived of all metals as 
composed of sulphur and mercury it was an essence or spirit 
of mercury that was meant. Certain common characteristics 
as luster, malleability, fusibility, combustibility, etc.,natural- 
ly led them to think of the metals as belonging to the 
same order of substances containing the same princi- 
ples, the relative proportions and purity of which deter- 
mined the variations in the observed properties. Thus the 
properties of the metals depended upon the purity of the mer- 
cury and sulphur in them, the quantities of them and their 
degree of fixation. The more easily a metal was oxidized on 
being heated, the more sulphur it contained, and this sulphur 
also determined its changeability. The more malleable it 
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was, the more mercury entered into its composition. If only 
something could be found which would remove the grossness 
from these essences, some unchanging, all-powerful essence, 
which, because of their search for it, gradually became 
known as the ‘philosophers’ stone,’ then the baser metals 
might be transmuted into the noble gold when the sulphur 
and mercury were perfectly balanced and .free from all dis- 
tempers. 

As has been said, these principles entering, all or some of 
them, into every known substance, were supposed to be not 
necessarily capable of individual existence themselves. This 
was the view held by the followers of Aristotle. With the 
reaction against the domination of the scholiasts, other views 
began to be held. It was Boyle who first gave voice to these 
changed views in his ‘Sceptical Chymist’ (1661). He defined 
elements as ‘‘certain primitive bodies, which, not being 
made of any other bodies, or of one another, are the in 
gredients of which all those called perfectly mixed bodies are 
immediately compounded, and into which they are ultimately 
resolved.” He, however, did not believe himself warranted, 
from the knowledge then possessed, in claiming the positive 
existence of such elements. 

But little attention was paid to the subject by the subse- 
quent chemists. The phlogistics were too much occupied 
with their theory of combustion, and none could see the bear- 
ing of this question and its importance to exact science. 

Macquer, in his ‘Dictionary of Chemistry’ (1777), words his 
definition as follows: ‘‘Those bodies are called elements 
which are so simple that they cannot by any known means be 
decomposed or even altered and which also enter as principles 
or constituent parts, into the combination of other bodies.” 
To this he adds: ‘“The bodies in which this simplicity has 
been observed are fire, air and purest earth.” In all of this 
may be observed the resolution of observed forms of matter 
into primal principles following the dream of Lucretius and 
the early Epicurean philosophers, a dream abandoned by the 
atomic school following, though largely holding to the same 
definition. 
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It was only when chemists began to realize that mere obser- 
vation of properties, chiefly physical, was not sufficient that 
the subject began to clear up and lose its vagueness. Black 
proved that certain substances were possessed of a constant 
and definite composition and fixed properties, unalterable and 
hence simple bodies or elements. Lavoisier finally cleared 
the way for the work of the nineteenth century by his defini- 
tion that ‘‘an element is a substance from which no simpler 
body has yet been obtained; a body in which no change 
causes a diminution of weight. Every substance is to be re- 
garded asan element until it is proved to be otherwise.” 
With this clear definition to build upon, a rational system of 
chemistry became, for the first time, a possibility. 

Thus the elements were recognized as simple bodies be- 
cause there were no simpler. They were not complex or com- 
pound. This distinction was clearly drawn between bodies 
simple and bodies compound, and the name simple body has 
been frequently used as a synonym for element through a 
large part of this century. Naturally the question of simplic- 
ity was first settled by an appeal to that great arbiter of 
chemical questions, the balance. And, quite as naturally, 
many blunders were made and the list of bodies erroneously 
supposed to be simple was very large. All whose weight 
could not be reduced were considered elementary. When, 
however, from such a body, something of lesser weight could 
be produced, its supposed simplicity was, of course, dis- 
proved. 

This test for the elemental character has been clung to per- 
sistently, and is perhaps still taught,although it was long ago 
recognized that many of the elements existed in different 
forms, a phenomenon to which Berzelius gave the name a//o- 
tropism. One only of these could be the simplest, and the 
others could be reduced to this one and rendered specifically 
lighter. With the discovery of this relation it should have 
been quite apparent that the old definition would no longer 
hold good. But many -years passed before chemists were 
made to feel that a new definition was necessary, and adapted 
one to the newer knowledge. 
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The insight into what Lucretius would call ‘the nature of 
things’ was becoming clearer; the mental grasp upon these 
elusive atoms about which the old Epicurean reasoned so’ 
shrewdly was becoming firmer. Through what one must re- 
gard as the veil interposed by the earlier idea of the element, 
the chemist began to grope after the constituent particle or 
atom. It must be borne in mind that the definition of the 
element was largely formulated before the resuscitation of the 
atomic theory by Dalton, and the mental picture of the one 
has perhaps retarded the clearing up of the ideas concerning 
the other. From the atomic point of view the element was 
next defined as one in which the molecules or divisible particles 
were made up of similar indivisible particles. This afforded 
an easy explanation of allotropism as achange in the num- 
ber of atoms in a molecule. As Remsen says: ‘‘An element 
is a substance made up of atoms of the same kind; a com- 
pound is a substance made up of atoms of unlike kind,” 

Laying aside, then, all vaguely formulated ideas of essen- 
ces, or principles, or simple bodies, or elemental forms, we 
found our present building upon the conception of the ulti- 
mate particle, be this molecule or atom. 

As to this atom some clear conéeption is needed, and here 
we come to the crux of the modern theories. The chemist re- 
gards this atom as a particle of matter and is unwilling to ac- 
cept the theory of Boscovich that is infinitely small, and 
hence a mathematical point,nor can he admit that it is mere- 
ly a resisting point, and hence that all matter is but a system 
of forces. And yet it seems as though some authorities 
would lead up to such a conclusion. 

While we need not consider these atoms as mere centers of 
forces, we are compelled to study them by the operation of 
forces upon them. What are called their properties have 
been studied and recorded with great care. These proper- 
ties are evinced in the action of the forces upon matter, and 
the exhibition of force without matter cannot be admitted. 
This study of the properties has been the especial occupation 
of the century now closing, and so the elemental atom has 
come to be regarded as a collection of properties. As Pat- 
terson-Muir puts it (Alchemical Essence and the Chemical 
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Elements, p. 31): ‘“The name copper is used to distinguish a 
certain group of properties, that we always find associated 
together, from other groups of associated properties, and if 
we do not find the group of properties connoted by the term 
copper we do not find copper.” 

These properties are exhibited by the action of a small 
group of forces. Perhaps we do not know all of the forces; 
certain it is that we do not accurately know all of the proper- 
ties, but, to quote Patterson-Muir again: ‘‘The discovery of 
new properties always associated with a group of properties 
we call copper would not invalidate the statement that cop- 
per is always copper.” 

The properties of an atom are either primary, inherent and 
as unchanging as the atom itself, or they are secondary and 
dependent upon the influence of the other atoms, or varying 
with the change of conditions. To the first class belong such 
properties as the atomic weight, atomic heat, specific grav- 
ity, etc.; to the second, chemical affinity, valence, etc. In all 
the study of the atom the distinction between these should be 
carefully maintaned in order that there may be clear think- 
ing. 

There is no field of ment@l activity requiring more faith 
than that of the chemist. He is dealing with the ‘evidences 
of things unseen.” He must not be content with the mere 
gathering of facts, but divine what he can of their deeper 
meaning. Few chemists have had such insight as Graham 
into the significance of even the simplest changes. He was 
not content with mere surface observation. Even the com- 
monest phenomena were to him full of meaning as to the 
atoms and their ‘eternal motion.’ Thorpe (Essays in Histor- 
ical Chemistry, p. 219) has drawn afresh the attention of the 
chemists to the thoughtful words of this great thinker. His 
mind was filled with the fascinating dream of the unity of 
matter. ‘In all his work,” says Adam Smith, ‘‘we find him 
steadily thinking on the ultimate composition of bodies. He 
searches after it in following the molecules of gases when 
diffusing; these he watches as they flow into a vacuum or in- 
to other gases, and observes carefully as they pass through 











ELISHA MITCHELL SCIENTIFIC SOCIETY 7 


tubes, noting the effect of weight, of composition, upon them 
in transpiration. He follows them as they enter into liquids 
and pass out, and as they are absorbed or dissolved by colloid 
bodies; he attentively inquires if they are absorbed by metals 
in a similar manner, and finds remotest analogies which, by 
their boldness, compel one to stop reading and to think if 
they really be possible.” 

In his paper entitled ‘Speculative Ideas respecting the Con- 
stitution of Matter,’ published in the Proceedings of the Roy- 
al Society in 1863, which Thorpe calls his ‘Confession of 
Faith,’he tells of his conception that these supposed elements 
of ours may possess one and the same ultimate or atomic 
molecule existing in different conditions of movement. 

It is not possible for me, in the limits of this address, to 
array before you all of the various evidence which leads to 
the belief that our so-called elementary atoms are after all 
but compounds of an intimate, peculiar nature whose dissocia- 
tion we have as yet been unable to accomplish. When prop- 
erly marshalled, it gives a very staggering blow to the old 
faith. Thorpe speaks of the ‘‘old metaphysical quibble con- 
cerning the divisibility or indivisibility of the atom.” To 
Graham ‘‘the atom meant something which is not divided, 
not something which cannot be divided.” The original indi- 
visible atom may be something far down in the make-up of 
the molecule. 

How shall the question as to the composite nature of the 
elements be approached? The problem has been attacked from 
the experimental side several times during the last half cen- 
tury, but the work seems to have been carried on after a de- 
sultory fashion and was soon dropped, as if the workers were 
convinced of its uselessness. The results, being negative, 
simply serve to show that no method was hit upon for 
decomposing the elements upon which the experiments were 
performed. Thus, for instance,Despretz performed a number 
of experiments to combat Dumas’ views as to the composite 
nature of the elements. Despretz made use of the well- 
known laboratory methods for the separation and purification 
of substances. Such were distillation, electrolysis, fractional 
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precipitation, etc. Such work was quite inadequate to settle 
the question, as Dumas had pointed out that unusual methods 
must be used, or, he might have added, the old methods car- 
ried out to an unusual or exhaustive extent. Certainly, if a 
moderate application of the usual methods was sufficient for 
this decomposition, evidences of it would have been obtained 
long ago by the host of careful workers who have occupied 
themselves over these substances. Crookes has busied him- 
self with the method of fractional precipitation (though not 
with special view to the testing of this question), and applied 
it most patiently and exhaustively to such substances as the 
rare earths, without obtaining results from which anything 
conclusive could be drawn, Victor Meyer seems to have be- 
lieved that the decomposition could be effected by high tem- 
peratures, and was very hopeful of experiments which he had 
planned before his untimely death. Others have spasmodic- 
ally given a little time to the problem, but no one has 
thought highly enough of it to attack it with all of his en- 
ergy. 

Let us stop a moment and ask ourselves what would be at- 
tained if any one should succeed in decomposing an element 
by one of the usual methods. Has not this been done repeat- 
edly in the past and merely served to add to the list of the 
elements? Didymium has been made to yield praseo-and neo- 
dymium. That which was first called yttrium has been di- 
vided into erbium, terbium and ytterbium, and according to 
Crookes may possibly be still further decomposed. But these 
and similar decompositions are not generally accepted as of- 
fering any evidence that elements can be decomposed. It is 
merely the discovery of one or more new substances which 
have remained hidden in constant association with known 
bodies which were supposed to be simple. It would be nec- 
essary to prove that a single individual element had, by the 
process adopted, been actually decomposed and not some pre- 


existing impurity discovered. This, of course, would be ex- 
ceedingly difficult, and all such attempts as those mentioned 
can have little bearing upon the general question, and can 
hold out slight hope of reward beyond the fame springing 
from the discovery of a new element. 
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Successful decomposition should meam much more. It 
Should mean the discovery of a method which will decompose 
not one, but many or indeed, all of the elements, and the de 
composition of these must not yield a larger number of sup- 
posedly simple bodies, but a small group of one or two or 
three which are common constituents of all. It is quite idle 
to venture upon any prediction whether such a method will 
ever be discovered. Setting aside, then, the direct experi- 
mental proof of the composite nature of the elements as unat- 
tainable at present, let us next examine the indirect evidence. 
It would seem wisest for the present to introduce under that 
heading the spectroscopic work of Lockyer. The results, 
while highly interesting, are too indefinite as yet to speak of 
as having a direct bearing, Yet a careful study of the spec- 
tra of the elements leads us to a strong suspicion that the 
less plausible assumption is the one that the particles which 
give rise to such varied vibrations are simple and unitary in 
nature. Lockyer’s most recent work, following up the line 
of his ‘Workmg Hypothesis’ of twenty years ago,is very sug- 
gestive and may lead to important results (Chemistry of the 
Hottest Stars, Roy. Soc. Proc., LXI., 148; On the Order of 
Appearance of Chemical Substances at Different Tempera- 
tures, Chem. News, 79, 145). Still too much must be assum- 
ed yet for such work to be very conclusive. He writes of 
‘proto-magnesium and proto-calcium,’ and Pickering discuss- 
es a ‘new hydrogen,’ all with an assurance and confidence 
which proves at least how deeply these changes in the spec- 
tra have impressed some of those who have most carefully 
studied them. 

But a more important method of indirectly testing the 
question is through a comparison of the properties of 
the atoms. Such a comparison has been made as to 
the atomic weights. In other words, the idea of the compos- 
ite nature of the elements followed very close upon the adop- 
tion of a stricter definition of them as simple bodies. Dal- 
ton, Prout, Débereiner, Dumas, Cooke and many others have 
aided in developing the idea, sometimes faultily and harmful- 
ly, at other times helpfully. Some fell into the common er- 
ror of going too far, but all were struck by the fact that 
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when these combining numbers, or atomic weights, were 
compared strange and interesting symmetries appeared. The 
times were not ripe for an explanation of their meaning, and 
such crude assumptions as that of Prout, that the elements 
were composed of hydrogen, or that of Low, that they were 
made up of carbon and hydrogen, were too baseless to com- 
mand much genuine support or to withstand much careful 
analysis. The important feature of agreement between such 
theories was the belief that the elements were composite and 
had one or more common constituents. 

From the comparison of one property, the atomic weights, 
the next step was to the comparison of all the properties. 
This comparison is brought out clearest and best for us in 
the Periodic System. Hereall the properties are very care- 
fully tabulated for us. The study of the system leads indis- 
putably to the conviction that this is not an arbitrary, but a 
natural arrangement, exceedingly simple in its groundwork, 
but embodying most fascinating symmetries, which hint of 
great underlying laws. He who looks upon it aga mere table 
of atomic weights has lost its meaning. It tells, with no un- 
certain note, of the kinship of the elements and ieads to a 
search after the secret of their interdependence and of their 
common factor or factors. There is so much which is made 
clearer if we assume a composite nature for the elements that 
many do not hesitate to make the assumption. 

Still another indirect method of approaching that problem 
is by analogy with bodies whose nature and composition are 
known. A very striking symimetry is observed between the 
hydrocarbons, and these in the form of compound radicals 
show a strong resemblance to certain of the elements. This 
analogy need not be dwelt upon here. It has been recog- 
nized for a long time and tables of hydrocarbons have been 
constructed after the manner of the Periodic System. Now 
these bodies are simply built up of carbon and hydrogen in 
varying proportions, and in any one homologous series the 
increments are regular. We know that they are composite 
and that they have but two common factors, carbon and hy- 


drogen. 
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Again, the fact that certain groups of associated atoms be- 
have as one element and closely resemble known elements: 
may be taken as a clue to the nature of the elements. Thus 
carbon and nitrogen, in the form of cyanogen, behave very 
much like the halogens; and nitrogen and hydrogen in the 
form of ammonia so closely resemble the group of elements 
known as the alkalies that this ‘‘volatile alkali” was classed 
with them before the era of our elements and the analogy 
lead to a vain search for an ‘‘alkalizing principle” and later 
to an equally futile pursuit of the metal ammonium. 

A further clue to this nature is afforded in the remarkable 
changes of properties which can be brought about in some 
elements by ordinary means, and one might mention the 
equally remarkable veiling of properties induced by the com- 
bining of two or more atoms. Thus copper exists in a cu- 
prous and a cupric condition, and the change from one to the 
other can be readily brought about. And this is true of 
many other elements. 

This has doubtless been a tedious enumeration to you of 
well-known facts and arguments, but it has been necessary, 
for I wish to lead you to the summing-up of these arguments 
and io induce you to draw boldly the necessary deductions. 
It is high time for chemists to formulate their opinions in 
this matter. It would seem as if we were shut up to one or 
two conclusions. Either these imagined simple bodies are 
after all compounds, built up of two or more common constit- 
uents, or they are but varying forms of one and the same 
kind of matter subjected to different influences and conditions. 
The supposition that they are distinct and unrelated simple 
bodies is, of course, a third alternative, but to my mind this 
is no longer tenable. 

The second hypothesis is the one put forth by Graham. It 
was his cherished vision of the gaseous particles about which 
he thought so deeply, and in many ways sotruly. Thorpe has 
written of this as follows (loc. cit. 222): 

‘*He conceives that the various kinds of matter, now rec- 
ognized as different elementary substances, may possess one 
and the same ultimate or atomic molecule existing in differ- 
ent conditions of movement. Graham traces the harmony 
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this hypothesis of the essential unity of matter with the 
equal action of gravity upon all bodies. He recognizes that 
the numerous and varying properties of the solid and liquid, 
no less than the few grand and simple features of the gas, 
may all be dependent upon atomic and molecular mobility. 
Let us imagine, he says, one kind of substance only to exist 
—ponderable matter; and, further, that matter is divisible 
into ultimate atoms, uniform in size and weight. We shall 
have one substance and a common atom. With the atom at 
rest the uniformity of matter would be perfect. But the 
atom possesses always more or less motion, due, it must be 
assumed, to a primordial impulse. This motion gives rise to 
volume. The more rapid the movement, the greater the 
space occupied by the atom, somewhat as the orbit of a plan- 
et widens with the degree of projéctile velocity. Matter is 
thus made to differ only in being lighter or denser matter. 
The specific motion of an atom being inalienable, light mat- 
ter is no longer convertible into heavy matter. In short, 
matter of different density forms different substances—differ- 
ent inconvertible elements, as they have been considered.” 

The hypothesis that the elements are built up of two or 
more common constituents has a larger number of supporters 
and would seem more plausible. Some have supposed one 
such primal element by the condensation or polymerization of 
which the others were formed. Thus we have the hydrogen 
theory of Prout, modified to the one-half atom by Dumas, and 
finally by Zangerle to the one-thousandth hydrogen atom. 
The suggestion of Crookes as to the genesis of the elements 
from the hypothetical pro/y/e, under the influence of electrici- 
ty, may also be mentioned here. 

Others have adopted the supposition of two elements, Rey- 
nolds making one of these an element with a negative atomic 
weight, whatever that may mean. Low and others have 
fixed upon carbon and hydrogen as the two elements. 

There are many practical difficulties in the way of these 
suppositions ; the lack of uniformity in the differences be- 
tween the atomic weights, the sudden change of electro-chem- 
ical character, and the impossibility, so far, of discovering 
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any law underlying the gradation in the properties of the. 
elements with the increase of atomic weights, are some of the 
difficulties. In comparing these two hypotheses. that of 
Graham seems to me very improbable. I have thought of 
valence as dependent upon the character of the motion of the 
atom, but cannot well conceive of a similar dependence of 
atomic weight and all the other properties. There remains, 
then, the hypotheses of primal elements by the combination 
of which our elements have been formed. ‘These molecules 
are probably distinguished from the ordinary molecules by 
the actual contact and absolute union of the component atoms 
without the intervention of ether. 

Since these elemental molecules cannot as yet be divided, 
we may retain the name atom for them, but the idea of sim- 
plicity and homogeneity no longer belongs to them. The 
definition of an element as a body made up of similar atoms 
is equally lacking in fidelity to latest thought and belief, but 
chemists would scarcely consent to change it, and, indeed, it 
may well be retained provided the modified meaning is given 
to the word atem, But, after all, an element is best defined 
by means of its properties, It is by close study of these that 
we decide upon its elemental nature, and through them it is 
tested. Complete reliance can no longer be placed upon the 
balance and the supposed atomic weight. 

All elements are acted upon by gravity and chemical force 
and other physical forces, but within the last few years cer- 
tain gaseous elements have been discovered which are not in- 
fluenced by chemical force or affinity, According to some 
(Piccini, Zeits. An. Chem. XIX, 295) this necessitates a divis- 
ion of the elements into two classes. Manifestly, since it is 
chiefly by the action of chemical force that we study the ele- 
ments, the absence of such action cuts us off from our chief 
means of finding out anything about them, and it is equally 
clear that bodies so diverse cannot well be classified together. 
If all attempts at bringing about the chemical union of these 
gaseous elements with other bodies fail, I believe that we 
should insist upon the existence of two classes of elements 
and keep them distinct in all comparisons. 
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Of course, we are quite at a loss to say just what chemical 
force is, but it is believed to be determined by the electrical 
condition of the atom. Thus we have the elements which 
show the action of chemical affinity varying from strongly 
electro-positive to strongly negative. This electrical charge 
of the atom seems to be a primitive, inherent property, and 
so beyond our control or power tochange. At least no change 
of the kind has-ever been recognized and recorded. Sodium 
remains positive and chlorine negative in spite of all that 
may be done to them. We can, by uniting the two tempo- 
rarily, cloak and neutralize their opposite natures, but the 
original condition returns on their release, 

Is it not fair to assume that argon, helium and their com- 
panion gases, having no affinity, are without electrical charge 
—atoms from which the electrical charge has been with- 
drawn; the deadest forms of inanimate matter? Were they 
thus without electro-chemical properties and affinity from the 
beginning, or did they start out as ordinary atoms (if I may 
so call them), and somehow, somewhere lose these properties, 
and with them the power of entering into union of any kind, 
even of forming molecules, doomed to unending single ex- 
istence? Can these be changed atoms of some of our well- 
known elements, a step nearer to the primal elements and 
with the electrical charge lost? Is it possible for us to bring 
about these changes? May we not unwittingly have done so 
at some time or other in the past? Is it possible to restore 
the electrical charge to such atoms, and so to place them once 
more ou a footing of equality with elements of the conven- 
tional type? These and many other questions surge through 
the mind as one thinks of these wonderful gases. Perhaps 
the coming century will unfold the answers. 














THE NATURE OF VALENCE, 


By F. P. VENABLE.1 


The term ‘‘ valence” is variously defined as the ‘‘ combining 
capacity,” or ‘‘capacity of saturation,” ‘‘quantitative com- 
bining power,” or ‘‘chemical value of the atom.” It is well 
known that the introduction of this idea into chemistry was 
due to the development of the type theory, a system which 
had at first purely empirical basis.“ Sixty years ago there 
was still some hesitation as to the acceptance of the atomic 
theory or the need for such a theory. Much use was made of 
the term equivalent, which had been Wollaston’s expedient 
for avoiding the difficulties arising from the full adoption of 
the theory of atoms. , 

Wollaston had been himself very far from consistent in the 
use of the term. The numbers called by him ‘equivalent 
weights’ were not infrequently atomic and molecular weights 
and fully as hypothetical as the so-called atomic weights of 
Dalton. Inthe later use of the term it signified solely the 
numbers obtained by analysis without the introduction of any 
theoretical considerations. Thus, on analyzing ammonia, 
the ratio 

N:H::46:1, 
is gotten, and therefore the equivalent of nitrogen is 4.6. 
Strange to say the equivalent given by Wollaston corresponds 
with the present atomic weight, whereas the atomic weight 
given by Dalton corresponds with what would be the equiva- 
lent. : 

It is manifest that the idea of equivalents needed some- 
thing more than the simple theory of atoms to make it clear 
and tenable. It embodied two distinct conceptions and if we 
hold to an atomic theory we must introduce a further explan- 
atory theory of the saturation capicity of these atoms. This 





1 Address, as chairman, delivered before the North Carolina Section. 
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is the theory of valence or quantivalence or atomicity, and 
without it the equivalents are purely empirical, and it is most 
difficult if not impossible to clear up the confusion connected 
with their use. 

Returning now to the derivation of this idea of valence 
from the type theory, according to Wurtz’ the conception of 
valence was introduced into the science in three steps. First 
there was the discovery of polyatomic compounds. This 
term was first used by Berzelius in 1827*, he applying it to 
such elements as chlorine or fluorine where he thought sever- 
al atoms of these elements united with a single atom of an- 
other element. The term was later applied by Graham, Wil- 
liamson, and others to compounds. 

The second step was the reference of this polyatomicity to 
what was called the state of saturation of the radicals con- 
tained in these compounds. This was largely through the 
work of Williamson and Gerhardt. 

Thirdly, this conception of saturation was extended to the 
elements themselves. This was chiefly due to the work of 
Frankland upon the organo-metallic compounds. And so 
valence has come to refer to the number of atoms with which 
a single atom of any element will combine. 

This conception has then been one of slow growth, gradu- 
ally incorporating itself into the science as the necessity arose 
of devising a suitable explanation for accumulated observa- 
tions. It was a logical outcome of and was evolved from 
knowledge acquired step by step. It was no mere speculation 
or hypothesis, such as that of Prout, evolved by the fancy 
or imagination of one man and suddenly appearing with 
scarcely a claim to foundation upon observed fact. 

This conception enters into the chemical theory of to-day 
almost as fundamentally as the atomic theory itself. Its ap- 
plication is of every-day occurrence and of the most varied 
character, and yet chemists admit that the nature of valence 
is one of their chief puzzles and they have advanced but little 
towards its solution during the past half century. It is quite 





1 Historie des doctrines chimiques, p. 69. 
2Jsb. d. Chem., 7, 89. 
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possible that the ideas to be advanced in the further discus- 
sion of this subject in this paper will meet with opposition. 
Certainly they should be fully and freely discussed if they are 
worthy of it. I believe that they form a step toward the 
clearing up of the mystery of valence. 

It is necessary, however, first to trace somewhat further 
the development of the original conception. One of its ear- 
liest and most important applications was to the study of the 
constitution of the compounds of carbon. Here Kekulé as- 
sumed for carbon a constant valence of four, and this idea is 
still dominant in theories.relating to the constitution of these 
bodies, It was quite natural then that the first belief should 
have been in a constant valence. It was speedily found, 
however, that in certain cases, as in the compounds of nitro- 
gen and phosphorus, this belief was scarcely tenable. There 
were efforts at making it hold good, as, for instance, a dis- 
tinction was drawn between atomic and molecular com- 
pounds, but all of these suggestions have been proved unsat- 
isfactory. 

We unquestionably have to account for the existence of a 
compound with three atoms and another with five atoms in 
the cases of nitrogen and phosphorus and there are many sim- 
ilar anomalies. Here the valence seems to vary toward one 
and the same element. Cases might be multiplied to show 
also that it varies often towards different elements. Thus it 
frequently happens that the valence of an element towards 
hydrogen seems to be quite different from that exhibited to- 
ward oxygen. For a long time there was much straining to 
consider the valence of an element always the same but this 
effort is, in large measure, abandoned now as unavailing and 
chemists admit that valence is not constant but variable and 
may even vary towards one and the same element. 

The doctrine of valence has had much added to it about 
bonds, affinities, and linkage, the necessity for which one may 
well question. Certainly the misuse of the word affinity, see- 
ing its other and greater use, should be earnestly discounten- 
anced. Iam inclined to think that the other terms bring in 
false and misleading ideas which should be carefully guarded 
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against. At any rate all hypothetical talk about strong bonds, 
and weak bonds, double bonds and triple is to be avoided. 

If then valence varies, can it be an inherent property of the 
unchanging atoms? Experiments have shown that it varies 
with the nature of the combining element, that it varies with 
the temperature and with other conditions. It is not depend- 
ent upon the atomic weight in the same sense as other prop- 
erties are dependent upon it. Thus in the same group the 
valence remains the same whether the atoms weigh nine times 
as much as hydrogen or two hundred times as much. 

We seem shut up, to the conclusion that valence is not one 
of the primitive inherent properties of the atom but is rela 
tive. It is rather to be regarded as the resultant of the mutu- 
al influence of the atoms of the combining elements. The 
clear grasping of this idea is an importhant step forward. 
Unfortunately the distinction is not always made nor consist- 
ently adhered to. 

It may not be amiss to cite here the utterance of Lothar 
Meyer in regard to the question of a constant or variable va- 
lence.’ 

‘**Since the aim of all scientific investigation is to exhibit 
the most variable phenomena as dependent upon certain active 
invariable factors taking part in them and in such a manner 
that each phenomenon appears to be the necessary result of 
the properties and reciprocal action of these factors, then it is 
clear that chemical investigation would be considerably ad- 
vanced were it possible to prove that the composition of chem- 
ical compounds is essentially determined by the valency of the 
atoms and the external conditions under which these atoms 
react upon one another. The first necessary step in this di- 
rection has been made in the attempt to explain the regulari- 
ties observed in the composition of chemical compounds, by the 
assumption of a constant power of saturation or an invaria- 
ble valency of the atom. The opposite and equally hypothet- 
ical assumption that the valency is variable leads to no ad- 
vancement. > 

‘*The first step towards progress in this matter would be 


1 Modern Theories of Chemistry, Eng, Trans., p, 303. 
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made if some hypothesis as to the cause of this variability — 
were proposed. This difference between the two attitudes has 
seldom been properly realized. While some chemists, accept- 
ing the constant valency of atoms, have attempted to deduce 
the varying atomic linking from one distinct point of view, 
others have considered it sufficient to have assigned to the 
atom of a particular element in one compound one valency, 
and in another compound a different valency, according as 
this or that value appeared the most suitable, and thus to 
have given a so-called explanation of the composition of the 
compounds in question. In this way the fact has been over- 
looked, that an arbitrary interpretation carried out by means 
of chosen hypotheses, cannot be regarded as an attempt ata 
scientific explanation, but is nothing more than an expression 
of our ignorance of the causal connection of the phenomena. 
An explanation would require that the different valencies as- 
signed to one and the same element in different compounds, 
should be traced to a different cause. If, for instance, it is 
stated that carbon in carbon dioxide possesses double the val- 
ency which it possesses in carbon monoxide, such a statement 
is no explanation of the fact that an atom of carbon in the 
former compound is combined with twice as much oxygen as 
in the latter, for such a statement is merely a paraphrase 
which hides its incompetency by assuming the form of an ex- 
planation. Although this may be perceived without further 
remark, still it has frequently occurred during the past few 
years that similar paraphrases have not only been proposed 
but also accepted as real explanations of such phenomena. 
Just as it was formerly supposed that the assumption of a vi- 
tal force dispensed with a complete investigation of the phe- 
nomena of animal life, somany chemists have of late thought 
that they possessed in ‘ variable valency,’ a means of explain- 
ing the varying stoichiometric relationships which would sat- 
isfy all claims. Such deceptions can only retard the advance 
of the science, since they prevent an earnest and thorough in- 
vestigation of the question, whether each atom is endowed 
with a property determining and limiting the number of atoms 
with which it can combine, dependent upon the intrinsic na- 
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ture of the atom and like it invariable ; or whether this ability 
is variable and with it the nature of the atom itself.” 

It is not strange that this line of reasoning should lead 
Lothar Meyer to doubt the unvarying nature of the atom it- 
self, and thus losing his grasp upon one invariable to make 
sure of another. He says: ‘‘It is by no means impossible 
that the magnitudes which we now style atoms, may be va- 
riable in their nature.” 

It will be an unfortunate day for chemists when the belief 
in the unchanging atom is given up. Chaos will indeed enter 
into all of our theories when this, the foundation rock, is left 
at the mercy of every shifting tide of opinion and can be 
shaken by all manner of unfounded hypotheses. 

The case cannot be so hopeless as to necessitate calling to 
our aid so dangerous a doctrine. Before turning to such an 
expedient let us first make all possible use of our atomic the- 
ory as it stands. The extension of this theoiy teaches that 
the atoms are endowed with motion and this motion 
probably varies in velocity and phases with the different ele- 
ments. So too when the atoms unite the resulting molecule 
has a certain motion peculiar to it while the atoms composing 
it have an intra-molecular motion in which their original mo- 
tions are probably modified by their influence upon one an- 
other, It is quite manifest then that a molecule, in order to 
exist, must maintain a certain equilibrium and harmony be- 
tween these various motions, and that there can be all degrees 
of equilibrium from the very stable to that which may be up- 
set by the least disturbing influence from without. 

It seems to me that herein we have a full and satisfactory 
means of explaining the various problems connected with the 
conception of valence. The question as to whether the atoms 
of two elements will unite is decided by affinity, which is in 
some way connected with the electrical condition of these 
atoms. There is no apparent connection between this and va- 
lence. The number of atoms which enter into combination 
forming one molecule is purely a matter of equilibrium and is 
dependent upon the motion of those atoms. Thus a phospho- 
rus atom unites with chlorine atoms because of a certain affin- 
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ity between them. The number of chlorine atoms with which 
it will unite depends upon the possibility of harmonizing the 
respective motions, As the temperature may affect these 
motions and also impart a more rapid molecular motion, it is 
evident that the harmony, or equilibrium, will depend upon 
the temperature and that a temperature may be reached at 
which no harmony is possible and hence no compound can be 
formed. ‘The phosphorus atom mentioned can, as we know, 
form a stable molecule with five atoms of chlorine, On in- 
creasing the temperature this becomes unstable and only three 
atoms can be retained. Neither with four atoms nor with 
two is there harmony of motion. A sufficiently high temper- 
ature may prevent any harmony of motion whatever being at- 
tained and hence union may become impossible. 

As to other influences than those of temperature, we can 
see that the equilibrium between the atom of phosphorus and 
the five atoms af chlorine may be upset by such a molecule 
coming within the influence, electrical or vibratory, of a mol- 
ecule of water. “The atoms must rearrange themselves for a 
new state of equilibrium and so an atom of oxygen takes the 
place of two atoms of chlorine, giving again a condition of 
harmony. In other cases the motion of the molecule of water 
may be of such a character as to directly harmonize with that 
of the original molecule and so to enter into equilibrium with 
it, a definite number of such molecules of water affording a 
condition of maximum stability. This we call water of crys- 
tallization. Such molecules would be more or less easily sep- 
arated by an increase of temperature and where several mole- 
cules of water were attached the highest temperature would 
be necessary for freeing the original molecule from the last 
water molecule. . 

A carbon atom finds its most perfect state of equilibrium 
where four atoms of hydrogen or their equivalent move in har- 
mony with it. But there is a second state of equilibrium 
where only half that aumber of atoms are moving with it. 
This state does not seem to be a possibility where there are 
hydrogen atoms but is readily possible where the equivalent 
number of oxygen atoms is concerned. Such a molecule, how- 
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ever, is always in a condition to take up additional atoms until 
its highest equilibrium is reached and in doing this it proceeds 
by the regular steps needed for bringing about a harmony of 
motion. A molecule in a lower state of equilibrium we have 
become accustomed to call unsaturated, calling that one satu- 
rated which is in its highest state of equilibrium. The fur- 
ther application of this hypothesis is easily made and need 
not be dwelt upon here, It will be helpful in many ways. 

This theory of valence makes it clear why it should vary 
toward the same element under different conditions. It is also 
clear that it might vary towards different elements as these 
are very possibly possessed of different motions. It is further 
evident that it is in accord with the conclusion that valence is 
not an inherent property of the individual atom but is the re- 
sultant of the influence upon each other of the combining 
atoms, 

Only one point remains to be considered: Why do the ele- 
ments of the same group have practically the same valence ? 
The nearest answer to this, and it seems satisfactory, is that 
they are all possessed of the same phase or kind of motion. In 
other words the natural division into periods gives us seven or 
eight more or less different phases. These are, in large meas- 
ure, independent of the atomic weight. And so the elements 
in any given group have the same tendency towards similar 
states of equilibrium in forming compounds with any other ele- 
ment, as hydrogen or oxygen. Some elements, as copper, 
mercury, tin, etc., are peculiar in that they may change their 
phase of motion under certain influences, acting then as if 
they belonged to different groups and entering into totally 
different states of equilibrium in forming their compounds, 

Lastly it is possible for a combination of atoms of different 
elements, as NH‘ or CN, to have such molecular and intra- 
molecular motion that, although not in a state of equilibrium 
themselves, they are capable of entering into such states just 
as the single atoms of elements do, having apparently similar 


valence. . 
I might develop this theory much further but it is unneces- 
sary now. Enough has been said to show that such an appli- 
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cation of the atomic theory is most highly important as a step 
towards the clearing up of the problems springing from the 
conception of valence and from the periodic system. 

Note.—Since certain points in this paper require treatment 
at greater length than was practicable in an address, it will 
be followed by a second paper elaborating such portions. 





THE NATURE OF VALENCE. 
[SECOND PAPER] 


As the preceding paper upon this subject was in the form of 
an address before one of the local sections of the society, the 
hypothesis as to the cause of valence there suggested was 
given in outline only and could not be enlarged upon as far as 
may have been necessary. In the present paper it is proposed 
to elaborate certain points and to test, as far as possible, the 
reasonable nature of the hypothesis. 

While the whole subject of valence has been much confused, 
and the use of some of the terms connected with it unfortun- 
ate, no part of it has given greater trouble than its variabil- 
ity. ‘This is the very point, however, which affords the best 
clew to its solution and should therefore be treated at some 
length. 

The most instructive cases of varying valence are those 
where the variation is shown towards the same element, 
as in the compounds PC], and PCl,, FeCl, and FeCl,, 
Hg,O and HgO, CO and CO,, and many other similar 
compounds. There are two possible views regarding 
these. Either the valence varies or the valence remains 
the same and the differences are explained by some such 
assumption as that of a state of saturation of the atom 
and of various unsaturated states. 
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The terms ‘saturated’ and ‘unsaturated’ present a 
number of anomalies as commonly used. In the first 
place the term saturated is not always used for that con- 
dition of the atom in which it is united with the largest 
number of other atoms. Thus, ferrous oxide (FeO) is 
called unsaturated, and ferric oxide (Fe,O,) saturated, 
though there is a larger proportion still of oxygen in fer- 
ric acid and the ferrates. The same is true of the three 
series of manganese and chromium compounds. 

Again the term saturated does not carry with it any defin- 
ite relation to the stability of the compound. Sometimes the 
compound called unsaturated, and containing the least num- 
ber of atoms is the most stable, sometimes that with the larg- 
est number. Phosphorus trichloride is more stable than the 
pentachloride, but the pentoxide is more stable than the tri- 
oxide. The most stable of the manganese compounds are the 
so-called unsaturated manganous salts;-in the case of chrom- 
ium it would appear te be the chromic salts. In the case of 
carbon the saturated compounds are the most stable. It is 
manifest that these two terms cannot cover all cases of com- 
bination for a number of elements. It would seem wiser and 
simpler then to speak of the valence directly when discussing 
the elements, as bivalent carbon or quadrivalent carbon; bi- 
valent or trivalent iron, etc. In the case of carbon com- 
pounds the terms have acquired a somewhat different mean- 
ing and are too thoroughly incorporated in the literature for 
achange to be suggested. Saturated here means a com- 
pound which can take on no further atoms by addition, 
while an unsaturated compound can have such atoms add- 
ed. 

Certain cases of change of valence, as in cuprous and cup- 
ric compounds, mercurous and mercuric, ferrous and ferric, 
etc., have been looked upon as presenting some peculiar rela- 
tionships. Such cases are spoken of by some as if they oc- 
qurred among positive elements only. It is not clear how 
any distinction can be drawn between these and the classes 
phosphorus and phosphoric, sulphurous and sulphuric, ni- 
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trous and nitric, chlorous and chloric, etc. A possible dis- 
tinction might be made that the more negative the element 
the greater the number of changes of valence; the more pos- 
itive the element the less variation in valence is observed. 
This would be an approximation only. 

So great is the difference caused by this variation in the 
valence that some have even thought it best to arrange what 
have been called the lower and higher stages under different 
groups. Thus Mendeléeff placed cuprous copper in Group I, 
and cupric copper in Group VIII; aurous gold in Group I and 
auric gold in Group VIII. Such an arrangement would, how- 
ever, greatly confuse the periodic system. Mercury,thallium, 
chromium. mauganese, phosphorus, arsenic, sulphur, selen- 
ium, and others would have to be similarly provided for. It 
is better to retain them in the positions to which their atomic 
weights would assign them and to study them more thorough- 
ly, so that we may understand why certain elements, as cop- 
per, gold, and mercury show this peculiarity while others 
closely akin to them, as silver, zinc, and cadmium, do not. 
In studying the nature of valence from the standpoint of its 
variability, the means by which these variations can be 
brought about must have an important bearing upon the sub- 
ject. There are a number of these agencies. 

Light.—It is a matter of common observation that light 
can bring about physical, and the most varied chemical, 
transformations. In some cases it is apparent that the trans- 
formation is one from a higher to a lower valence or vice ver- 
sa. Thus, certain mercurous compounds can be changed to 
mercuric. 

Hg,O = HgO+Hg. 
An alcoholic solution of ferric chloride is changed by light to 
ferrous chloride. 
2FeCl,+C,H,O = 2FeCl,+C,H,O-+2HCI. 
Ferric oxalate under the influence of light gives off carbon 
dioxide and becomes ferrous oxalate. 


Fe,(C,O,),=2Fe(C,O,)+2CO,. 
An alcoholic solution of cupric chloride becomes cuprous 
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chloride. Mercuric chloride in aqueous solution is slowly 
changed to mercurous when exposed to the light. 

2HgCl,+ H,O—2HgCl+2HCI+0. 
Gold chloride (AuCl,), in contact with organic substances, 
when exposed to light, is changed first to aurous chloride 
(AuCl) and then to metallic gold. 

It is quite well known that a ray of light falling upon a 
piece of selenium changes its conducting power for electric- 
ity. This is not a change of valence but has, it would seem, 
its bearing upon the problem as a possible change in vibra- 
tion. The chemical action of light is generally attributed to 
the vibrations set up among the molecules. Rays having the 
shortest wave-lengths and the greatest frequency are most 
active in this respect though all the rays of the visible spec- 
trum have been shown to exert some action. So far as this 
variation in valence is caused by light then the hypothesis of 
a change in vibration necessitating a change in equilibrium 
may well serve as an explanation. 

Heat.—Again these variations are often easily brought 
about by changes of temperature. Thus cupric chloride be- 
comes cuprous chloride. 

CuCl, =CuCl+Cl. 
Mercurous chloride is temporarily changed into mercuric, the 
mercurous re-forming npon cooling. 
2HgCl—=Hg+ H¢gCl,. 
Phosphorus pentachloride becomes the trichloride. 
PCl,=PC1,+Cl,. 
Arsenic pentoxide becomes trioxide. 
As,O,=As,0,+0,,. 

An interesting series of changes are those in the sulphur 
chlorides. Thus sulphur tetrachloride (SCl,) becomes sul- 
phur dichlorine (SCl,), if warmed above —22°, and this be- 
comes sulphur monochloride (5,Ci,), if heated above 64°. 
This last can be boiled without change. 

These instances might be multiplied but it is not necessary. 
The most plausible explanation offered as to the effect of 
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heat is a change in the velocity of vibration, and it may well 
serve to explain the variations caused in valence. 

Electricity.—Changes of valence due to electricity are prob- 
ably not unusual but few observations concerning them have 
been recorded. One of the most noteworthy is the produc- 
tion of carbon monoxide from carbon dioxide by the passage 
of the electric spark. 

CO,=CO+0. 

Chemical Action.—The most usual method of bringing 
about a change of valence is by chemical action. When the 
‘change is from a higher proportion of the negative element 
to a lower it is commonly called reduction, and the reverse 
change is spoken of as oxidation. These terms are apparent- 
ly relics of an older theory, and are confusing, cspecially to a 
student beginning the study of chemistry. They should be 
limited to cases of the actual removal or addition of oxygen. 
Thus, to speak of the change of ferrous to ferric chloride by 
the action of chlorine as an oxidation is careless and incor- 
rect. 

FeCl,+Cl=FeC),. 
It is pushing the. type theory rather far to speak of the salts 
of one valence as being derived from the oxide of that val- 
ence and yet this is frequently done. 

When we take ferric chloride and let sulphurous acid act 
upon it, it is called a reduction of the ferric chloride to fer- 
rous chloride, although certainly no oxygen is removed from 
the ferric chloride nor is oxygen added when the ferrous 
chloride is changed again to ferric chloride by the action of 
nitric acid, and still this is called an oxidation. The use of 
terms for these reactions is evidentiy in need of revision. 
What shall we call the following reaction, cited by Drechsel 
as an ‘oxidizing action?” 
2K MnO,+10FeSO,+8H,SO, = 

5Fe,(SO,),+K,SO,+2MnS0O,+8H,0. 
Some hydrogen is oxidized with the formation of water but 
that is not what is meant. The manganese is changed from 
its highest valency to its lowest and tie iron from its low- 
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est to a higher. The permanganate is of course deoxidiz- 
ed. 

It seems that chemical action may induce change when to 
an existing molecule a third substance is offered capable of 
combining with one or more of its constituent atoms, thus re- 
leasing the former equilibrium. Thus when sulphurous acid 
takes the oxygen of water sctting hydrogen free the hydro 
gen then takes one of the chlorine atoms held by the iron. 

FeCl,+ H,SO,+H,O=H,SO,.2HC1+2FeCl,. 

But the presence of all three of these molecules is needed 
for the reaction to take place. So too, potassium perman- 
ganate is stable in the presence of sulphuric acid, unless the 
ferrous sulphate or some such molecules are present. When 
molecules of these three substances come together there is 
immediate rearrangement of molecules with change of equil- 
ibrium. Whether we are dealing here with a play of affinity 
which causes the tumbling down of certain molecules and 
building up of others, or whether it is a question of vibra- 
tory equilibrium between these molecules, cannot yet be told. 
The only certain thing seems to be that a molecule contain- 
ing bivalent iron and another containing septivalent man- 
ganese cannot exist in the presence of one another but must 
change, when possible, to trivalent iron and bivalent man- 
ganese. 

As meagre as our present knowledge is, it does not seem to 
be a very hopeful task to enter the maze of changes of val- 
ence through chemical reactions with a view to clearing up 
the ideas as to the nature of valence. 

Explanations Offered.—Victor Meyer and Riecke have sup- 
posed that a solution of the problem could be arrived at best 
by studying the phenomena of frictional electricity, contact 
electricity, pyro-electricity, and electrolytic conductivity. 
Most of those who have suggested hypotheses have based 
them upon a study of the carbon atom and its compounds and 
in particular its space relations. I have gathered together 
such of these hypotheses as have come to my notice. 

The first in point of time is the hypothesis of van’t Hoff'. 


1 Ansichten iiber die organische Chemie I. 3. 
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His idea is that valence is dependent upon the form of the 
atom. He says; ‘‘The simplest observation teaches that . 
every change from the spherical form must lead to greater 
changes in the attraction in certain directions, since the atom 
at these points can, so to say, be more closely approached. 
Each form of that kind therefore determines a certain num- 
ber of capacities for attraction or valences.” 

Ostwald’ comments upon this hypothesis as follows: 

“Tf we think of valence as a question of a property of the 
atom, whose action can be modified by the difference in the 
condition of the atem, especially in its motion, then it is 
thinkable that although the cause of the valence is un- 
changeable, the workings of this cause, that is the valence 
itself seems to differ from case to case. 

An hypothesis of this kind has in fact been suggested by 
van’t Hoff. In that he assumed that the chemical attraction 
between the atoms was a consequence of gravitation, he 
showed that if an atom possessed a form differing from the 
spherical the intensity of the attraction on its surface must 
possess a definite number of Maxima. The Maxima can be 
of varying value. If the motion of the atom from heat is en- 
ergetic only the greatest Maxima will be able to hold their 
atoms and the valence shows itself to be smaller by higher 
temperatnres than by lower which corresponds with observa- 
tion. 

Lossen’s* idea as to valence, deduced from the considera- 
tion of the theories of van’t Hoff and Wislicenus as to the 
space relations of the atom, seem to be condensed into the 
simple sentence: 

‘*This conception leads, in my opinion, necessarily to the 
assumption that the polyvalént atom cannot be regarded as a 
material point but that rather parts of it are to be distin- 
guished from which the influence goes out to other atoms.” 

Wislicenus*® expressed his ideas as to valence as follows: 

‘I consider it not impossible that the carbon atom more or 

1 Lehrbuch der allg. Chemie I ed. I, 830. 
2 Ber. d. Chem. Ges. 20, 3309. 
3 Ber. d. Chem. Ges. 21, 581. 
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less, perhaps right closely, resembles in its form a regular 
tetrahedron; and further that the cause of those influences 
which reveal themselves as units of affinity concentrate them- 
selves in the corners of this tetrahedron herhaps, and from 
analogous grounds, just as the electric influences would do 
from an electrically charged metallic tetrahedron. The real 
carriers of this energy would be the primitive atoms as the 
chemical energy of a compound radical is undoubtedly the re- 
sultant inherent energy of the elementary atoms. 

Victor Meyer and Riecke' advanced the hypothesis that the 
atom is surrounded with a spherical shell of ether: the atom 
is the seat of chemical affinity, the surface of the ether shell 
that of valence. Each valence is determined by the presence 
of two oppositely electrified poles which form the ends of a 
line short in comparison with the thickness of the shell. 

The hypothesis of Knorr* may also be given in brief. He 
assumes in each atom the presence of Valenzkérper which 
have the power of attracting other Valenzkérper. The 
quantivalence of any atom is determined by the number of 
these present. 

Flawitzky* takes as a basis for his hypothesis the sugges- 
tion of N. Beketoff that the cause of the chemical interaction 
of the elements lay in the interference or coincidence of the 
motions of the atoms. The chief assumption is that the 
atoms of each element described closed curves which lie in 
planes, which are parallel to one another and have a con- 
stant absolute position in space. The atoms of different ele- 
ments move in planes which made definite constant angles 
with one another. According to Flawitzky, thus, ‘‘the val- 
ences of the elements can be refered to the differences in the 
angles between the planes of the paths of the different 
atoms.” 

It is quite possible that other hypotheses as to valence 
have been formulated but have escaped my notice. These 


1 Ber. d. Chem. Ges. 21, 95]. 
2Ann. Chem. (Liegbig) 279, 202. 
3Ztchr. Amorg. Chem. 12, 182. 
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will suffice to give the more recent trend of thought upon the 
subject. I may state that none of these were known to me. 
when the first paper was sent on for publication’ as I had not 
deemed it necessary to look beyond the usual text-books in 
examining into the literature upon the subject. This state- 
ment is not made for personal reasons as that is a matter of 
small moment, but that there may attach to my hypothesis 
whatever of value there is in the independent reaching of a 
conclusion. 

It is not pertinent to this paper to discuss at any length 
the citations just given. But a few words are needed to 
bring out certain differences and distinctions. In most of 
them we have the assumption of some peculiar form of en- 
ergy—an ‘‘Anziehungskraft.” Flawitzky alone makes no 
explicit assumption of the kind. Besides this assumed force, 
which is the point of contention after all, we have various 
other assumptions of a remarkable character; ¢. g., as to the 
forms of atoms, envelopes, primal atoms, and Valenzkirper. 
Flawitzky’s hypothesis is based upon the angles made be- 
tween the planes in which the atoms move. 

Now in the place of all this I wish to substitute that which 
seems to me to be the simpler hypothesis of vibratory equil- 
ibrium. There is only one attractive force to be considered 
and this is called chemical affinity and causes the union of 
the atoms, binding them together. These atoms may unite 
atom with atom,or one atom with two or three or more atoms 
of the other element or other elements, While we speak of 
union there is no actual contact to be assumed. The indi- 
vidual atoms have their own motion and at the same time 
the aggregation of atoms, or molecule, has a motion proper 
to it. The conditions of equilibrium in such a system deter- 
mine the number of atoms which can enter it: as one to one, 
one to two, etc. There is no distinct force of valence deter- 
mining this. The form of the atoms can scarcely be taken 
into consideration because the distance between the atoms is 
too great, compared with the mass of the atom, for the form 





iIn the Journal of the American Chemical Society, 
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to exert much influence, unless it influences the character of 
the motion. The atomic weight also has little influence in 
determining the number of atoms needed to satisfy the condi- 
tions of equilibrium except that there seems to be a general 
rule that with increase in the atomic weight in any one group 
more stable equilibrium is brought about with the smaller 
number of atoms and in a choice between several the lesser 
valence is preferred. (Compare nitrogen and bismuth; sul- 
phur and tellurium.) 

There would then appear to be seven, possibly eight,differ- 
ent kinds of motion among the atoms. Different velocities of 
vibration are not meant, but different phases of motion. For 
instance, all may have elliptical orbits with different focal 
distances; or circular, with different radii, etc. In any group 
of elements the motion of the atoms would have one common 
characteristic but there would be differences in velocity. In 
the first and seventh group, showing, for the most part, a 
tendency towards the same equilibrium, or having the same 
valence, the motion must be closely analogous. So too for 
the second and sixth groups, the third and fifth. There may 
then be a necessity for four distinct phases only, unless we 
suppose a fifth for the eighth group. If the motion of an 
atom can be changed from one character to another its val- 
ence is changed and in such general properties as are depen- 
dent upon motion and not upon atomic weight it is equivalent 
to changing its group, Electricity, light, heat, and chemical 
action can cause this change of motion. Insofar the prop- 
erties of the element are subject to change and within our 
control. But the other factor, atomic weight, with the prop- 
erties of the element determined by it, is not subject to 
change nor within our control, so far as our knowledge 


goes. 

While it is freely granted that there is so much of the spec- 
ulative in what has been said as to make us touch the whole 
subject with extreme caution, and while it is further admitt- 
ed that it is quite beyond the reach of present experimental 
research, yet it is believed that the use of the imagination is 
legitimate and tends toward the advancement of the science 
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so long as the true value is set upon it and fancy is not allow- 
ed to obscure fact nor to be misiaken for it. The hypothesis 
proposed is simple and if true will be very helpful. It will be 
a gteat step forward if it can be shown that the doctrine of 
valence is a doctrine of vibratory equilibrium. 





PRELIMINARY CATALOGUE OF THE BIRDS OF 
CHAPEL HILL, N. C., WITH BRIEF NOTES 
ON SOME OF THE SPECIES. 


T. GILBERT PEARSON. 





INTRODUCTION. 


In this catalogue are enumerated the species of birds, 
known to have been observed and positively identified at 
Chapel Hill. While the list is incomplete, and is presented 
only as a preliminary catalogue, the author expresses the 
hope that it may prove of use to those interested in the orni- 
thology of the region, and that it may serve asa basis for 
more extended observations. In addition to the enumeration 
of the species, the paper contains some brief notes on the mi- 
gration and nesting habits of such forms as have come under 
the writer’s observation at Chapel Hill. 

The difficulty of preparing a complete catalogue of the 
birds may be readily understood when we recall the fact that 
the bird population is constantly changing, The great wave 
of the autumnal migration carrying large numbers of north- 
ern birds past us, at the same time taking many of our sum- 
mer forms, scarcely subsides, before the swell sets back from 
the south, sweeping hosts of birds of passage to us on their 
northern journey. Some migrants found to be numerous 
during the fall migration may be extremely rare in the spring, 
and vice versa. Birds which normally do not occur in a 
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region are sometimes taken, having wandered, or having 
been driven by storms far out of their natural range. In cer- 
tain species some individuals are always migratory, while 
others are permanent residents. 

Again it ‘s well known that a form which is abundant some 
years, may be seen but rarely or not at all in after years. 
The changing area of the food products for birds naturally 
brings about a change in the area of their habitat. Hence it 
may easily be seen that continual observation during a num- 
ber of years is absolutely necessary before anything like a 
complete list of the avi-fauna of a particular region can be 
hoped for. 

Data.—My observations on the bird life of Chapel Hill be- 
gan in September 1897, and were continued up to the follow- 
ing April; then again from September 1898 until June 1899. 
With the exception of ten days in the latter part of June 1898, 
I had no opportunity for studying the region in summer. 
During the fall migration in 1897, the main part of which 
extended over the month from September 15 to October 15, a 
portion of twenty-one days was spent in the field in a special 
study of the warblers. Sixteen species of warblers were se- 
cured during this period. 

In gathering material for the catalogue much assistance 


‘was rendered by members of my ornithology class at the Uni- 


versity of North Carolina, in 1898, and again during the 
spring of 1899. Of those whose aid has been especially valua- 
ble, I would mention Mr. George McNider, Mr, E. H. Hartley 
and Mr. Ivy Lewis, I am indebted also to Dr. Kemp P. Bat- 
tle, whose close observations on the birds of the neighbor- 
hood, extending over a period of many years, I found very 
valuable. 

In the Journal of the Elisha Mitchell Scientific Society, 
Part 2 for 1887, Prof. George F. Atkinson published a ‘‘ Pre- 
liminary Catalogue of the Birds of North Carolina,” in the 
preface of which he remarks, ‘‘In all, about 120 species have 
been observed and absolutely identified by myself at Chapel 
Hill.” In his catalogue, however, Professor Atkinson omits 
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to indicate the species which he had there noted. A clipping 
from the ‘‘ Raleigh News and Observer,” presumably printed’ 
about this time has been kindly loaned me by Mrs. R. W. 
McRae. The clipping contains a ‘‘Preliminary list of birds 
collected in the vicinity of Chapel Hill,” by Professor Atkin- 
son. In this communication are enumerated ninety-two 
species. Two of the forms there mentioned have not been in- 
cluded in the present list. The first of these, the tame 
pigeon (Columbia livia domesticata), is excluded as not being 
a native wild bird. The other form, the clay-colored sparrow - 
(Spizella pallida), was listed by Professor Atkinson on the 
Strength of asingle specimen. This specimen is still pre- 
served in the Biological Laboratory, and is a fair type of the 
swamp sparrow (Melospiza georgiana). In the case of all 
other birds, included in the News and Observer list, and with 
which I have not myself met, mention is made of Professor 
Atkinson as the observer. 

My own observation in the field, specimens brought in by 
others from time to time for identification, and Professor At- 
kinson’s two papers, constitute the data, from which the pres- 
ent list has been compiled. In all one hundred and nineteen 
species of birds at Chapel Hill have actually come under my 
notice. 

It may be of use to mention here some of the collections of 
birds now in North Carolina, which are accessible to the 
public. Inthe Biological Laboratory at the State University, 
in Chapel Hill, there is a collection of some 350 skins and 
mounted specimens, The State Agricultural Museum at 
Raleigh contains a beautiful collection of several hundred 
mounted birds. The collection of birds in the Museum of 
Natural History at Guilford College is numerically nearly as 
great. All of these collections are constantly growing. 

The Field.—The field for the study of bird life about 
Chapel Hill is in many respects a good one. The woods, 
open fields, small streams, and underbrush make a varied en- 
vironment which tends to bring together large numbers of 
forms. On the other hand the absence, in the immediate 
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neighborhood, of large streams and ponds, keeps away many 
varieties of ducks, sandpipers, and birds of similar habits. 

Terms used.—The nomenclature adopted by the American 
Ornithologists’ Union is followed, and the vernacular name 
succeeds the scientific. In some cases well known local names 
are also added. ‘The terms ‘‘common,” ‘‘rare,” ‘‘ abundant,” 
etc., which are used in speaking of the occurrence of birds, 
are of course relative and not altogether satisfactory, but 
they may convey something of the original idea intended. 

Family Podicipidae. 

1. CoLymBUS HOLBOELLUU (Reinh.) Holboell’s Grebe. 
One specimen recorded by Prof. Atkinson, taken at Chapel 
Hill in 1877. The skin is now preserved in the university 
collection. 

2. PopILyMBUS POoDICEPS (Linn.) Pied-billed Grebe; Die- 
dapper; Water-witch. One was shot near town and brought 
me on November 3, 1897. Others have been taken but the 
bird probably occurs only in winter. 


Family Urinatoridae. 


3. URINATOR IMBER (Gunn.) Loon; Great Northern 
Diver. Occurs only as a migrant or winter visitor. the two 
specimens in the university collection bear no date of capture. 


Family Anatidae. 


4. Stx sponsa (Linn.) Wood Duck; Summer Ruck. A 
male in fine plumage was killed in ‘*strowd’s low-grounds” 
from a small flock by Mr. H. E. Mechling on January 3, 1898. 
Others have been reported at various times. Possibly breeds. 


Family Ardeidae. 


5. BoTauRvUS LENTIGINOSUS (Montag.) American Bittern; 
Thunder Pumper, Recorded by Prof, Atkinson as occurring 
at Chapel Hill. 

6. ARDEA HERODIAS (Linn.) Great Blue Heron; Blue 
Crane. ‘‘ These birds used to fly over here years ago but I 
have not noticed one, I am sure, for the past twenty years.” 
—Dr. Kemp P. Battle. 
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7. ARDEA EGRETTA (Gmel.) American Egret. A speci- 
men was shot north of the village by the late Mr. Dedrick in 
1894. Doubtless a rare summer straggler. 

8. ARDEA VIRESCENS (Linn.) Green Heron. A common 
summer resident about the mill-ponds and along the creeks. 
A nest containing fresh eggs was found near the village by 
Mr. George McNider during the first week of May 1899. 


Family Rallidae. 


9. PoRZANA CAROLINA (Linn.) Sora. One in the univer- 
sity collection was taken in November 1887, at Chapel Hill. 

10. FuLicA AMERICANA (Gmel.) American Coot; Blue 
Peter. The only record is by Prof. Atkinson. ‘One walked 
into Mr. McCauley’s store at Chapel Hill on the night of 
April 8, 1887, at 8 o’clock, and was captured. A heavy wind 
and storm was prevailing, and had continued all day.” 


Family Scolopacidae. 


11. PHILOHELA MINOR (Gmel.) American Woodcock. A 
rather common resident, but owing to its very retiring habits 
is not often seen. Noticed one on the University campus 
November 10, 1898. 

12. GALLINAGO DELICATA (Ord,.) Wilson’s Snipe; English 
Snipe. Not uncommon in winter and during migration. 

13. Toranus soxuitarius (Wils.) Solitary Sandpiper. 
Listed by Prof. Atkinson. This bird probably appears at 
Chapel Hill only as a migrant or occasional winter visitor. 

14. Actitis MACULARIA (Linn.) Spotted Sandpiper. Cat- 
alogued by Prof. Atkinson. Its habits are quite similar to 
those of the Solitary. 

Family. Charidriidae. 

15. AEGIALITIS VOCIFERA (Linn.) Killdeer. The killdeer 
is commonly met with during the fall and winter months. 
It is highly probable, however, that it is a regular resident, 
nesting in favorable localities in the surrounding country. 


Family Tetraonidae. 


16. COLINUS VIRGINIANUS (Linn.) Bob-white; Quail; Par- 
tridge. An abundant resident at all times of the year. 
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Family Phasianidae. 


17. MELEAGRIS GALLOPAVO (Linn.) Wild Turkey. A resi- 
dent at Chapel Hill. Have seen seven specimens. Four of 
these were shot near town, and three I observed alive. In 
November, 1898, one flew across the campus from the southern 
side and pitched near the Episcopal church building. They 
haunt at all seasons the large tract of woodland just south of 
the University, and quite likely construct their nests in some 
of the sedge fields near by. 


Family Columbae. 


18. ZENAIDURA MACROURA (Linn.) Mourning Dove. Of 
common occurrence at all seasons. Its frail nest containing 
two pure white eggs may often be found on the boughs of the 
apple-tree or the horizontal limbs of the pine. 


Family Cathartidae. 


19. CATHARTES AURA (Linn.) Turkey Vulture; Turkey 
Buzzard. A very common bird at all seasons of the year, 
rearing its young usually in hollow logs or stumps in the deep 
woods. 

20. CATHARISTA ATRATA (Bartr.) Black Vulture; South 
Carolina Buzzard. Watched a flock of Black Vultures flying 
northward over the campus November 1, 1897. On November 
10 others were seen. During the winter of 1898-99 these 
birds again appeared in the neighborhood. It is doubtful if 
they ever breed in this region. 

Family Falconidae. 

21. Crrcus HUDSONIUS (Linn.) March Hawk. An adult 
male was shot one mile east of town and brought to me on 
April 5, 1899. This is the only record for Chapel Hill. 

22. ACCIPITER VELOX (Wils.) Sharp-shinned Hawk. A 
rather rare winter visitor. The mounted specimen in the 
University collection was shot by Mr. George McNider on 
January 23, 1898. 

23. ACCIPITER COOPERI (Bonap.) Cooper’s Hawk. A com- 
mon resident. A nest of fresh eggs was taken by Mr. George 
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McNider on April 29, 1898. This is the hawk whose inroads 
on the poultry yard are most destructive. 

24. BUTEO LINEATUR (Gmel.) Red-shouldered Hawk. While 
it seems reasonable to think this would be a common bird here 
only one pair have come to my notice. During the spring of 
1898 a pair were often watched as they circled through the 
air above the grove south of the University campus. 

On May 9, 1899, I took from their nest in a pine tree, thirty 
feet from the ground, a clutch of two handsomely marked 
eggs. Incubation was well advanced at this date. 

25. Burro LaTissmmus (Wils.) Broad-winged Hawk. The 
only one of this species known to have been taken at Chapel 
Hill is the one brought to me for identification by Mr. George 
McNider on April 15, 1899, which specimen is still retained in 
his private collection. It was a female and was shot a few 
miles south of here. Its stomach contained the remains of a 
frog and a quantity of bird feathers. * 

26. HALIAEERUS LEUCOCEPHALUS (Linn.) Bald Eagle; Amer- 
ican Eagle. On March 27, 1898, I watched an adult bald ea- 
gle circling about in the air near the northwestern entrance 
of Battle’s Park. As the bird was not over one hundred yards 
above the earth at the time, its white head, neck and tail 
could be easily seen. It must be regarded as a very rare bird 
in this section, 

27. FALCO SPARVERIUS (Linn.) American Sparrow Hawk, 
A moderately common resident hawk. Three fresh eggs 
were found in a nest located in the cavity of a dead pine tree 
in May, 1898, by Mr. E. H. Hartley. For the past two years 
a pair of these birds have spent the winter months on the 
University campus. Their favorite roost was under the eaves 
of the New East Building. 


Family Beronidae. 


28. SyRNIUM NEBULOSUM (Forst.) Barred Owl; Hoot Owl, 
Have frequently heard them calling in Battle’s Park, and Jan- 
uary 18, 1899, a male, which had been wounded, was brought 
into the Biological Laboratory. 

29. Macascops asio (Linn.) Little Screech Owl. The 
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shivering notes of this little owl may be heard about the 
groves and campus during all seasons of the year. Especially 
is this true in the late summer when the young of the year, 
then about grown, join with their parents in the nightly ser- 
enade, Their nests are placed in the hollows of trees. 

30. Buto Vircinianus (Gmel.) Great Horned Owl. For 
a large bird the horned owl is a fairly common resident in this 
region. Its domicile is usually located in the natural cavity 
of some tree or in an old hawk or crow’s nest. The eggs are 
deposited early in the year. A female shot on January 21, 
1899, contained two well developed ovarian eggs. 


Family Cuculidae. 


31. Coccyzus AMERICANUS (Linn.) Yellow-billed Cuckoo ; 
Rain Crow. A well known plaintive cry from orchard and 
forest is the note of the rain crow in summer. It retires to 
the south on the approach of autumn. 


Family Alcedinidae. 


32, CERYLE ALCYON (Linn.) Belted Kigfisher, Observed 
occurring along the creeks in autumn, winter and spring. May 
possibly breed. 

Family Picidae. 

33. DRYOBATES VILLOSUS AUDUBONII (Var?) Hairy Wood- 
pecker. Two specimens were taken during the winter of 18- 
97-98. It is probably a rare resident. 

34, DRYOBATES PUBESCENS (Linn,) Downy Woodpecker, 
An abundant resident, associating often with the Titmouse 
and Chicadee. The downy spends the long winter nights in 
holes which it hollows out of the dead.limbs of trees for this 
purpose. 

35. SPHYRAPICUS VARIUS (Linn.) Yellow-bellied Sapsucker. 
A common winter form. It often girdles trees with numer- 
ous small holes which it drills for the purpose of drinking the 
sap. ‘The apple, spruce pine and maple are among the trees 
which thus suffer. 

36. CEOPHLOEUS PILEATUS (Linn.) Pileated Woodpecker. 
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This large handsome woodpecker is not an uncommon bird in 
Battle’s Park and adjoining woods. On November 8, 1897, 
I watched one for many minutes pecking about on the trees in 
the college campus. Without doubt the bird breeds in the 
large timber near by. 

37. MELANERPES ERYTHROCEPHALUS (Linn.) Red-headed 
Woodpecker. A resident. Locally and occasionally com- 
mon. 

38. MELANERPES CAROLINUS (Linn.) Red-bellied Wood- 
pecker. This large spotted ‘‘ sapsucker” is a not abundant 
resident with us at all seasons. 

39. COLAPTES AURATUS (Linn,) Flicker; Yellow Hammer. 
An abundant resident. This woodpecker has acquired the 
habit of procuring its food so largely by digging it out of the 
earth that it may now be regarded as more of a ground bird 
than a dweller in trees, 

Family Caprimulgidae. 

40. AnTRosTomuS CAROLINENSIS (Gmel.) Chuck-will’s- 
widow. On the night of May 20, 1899, I listened to one of 
these birds calling for over half an hour. It seems to be in 
the neighborhood of the campus wall near the south-east cor- 
ner. So far as I am aware this is the only record of its occur- 
rence in Chapel Hill. It may possibly be found to be a rare 
summer resident in Orange county. 

41. ANTROSTOMUS VOCIFERUS (Wils.) Whip-poor-will. A 
common summer visitor, depositing its two marble looking 
eggs on the ground in the woods, with only a few dead leaves 
between them and the earth. The first one noted in the spring 
of 1899 announced its arrival from the south by its loud cry on 
the night of April 20. 

42. CHORDEILES VIRGINIANUS (Gmel.) Nighthawk; Bull- 
bat. A common spring and autumn transient. A few may 
linger through the summer to breed. First one seen in 1899 
was in the afternoon of April 27. 


Family Micropodidae. 


43, CHAETURA PELAGICA (Linn.) Chimney Swift; Chimney 
4 
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Swallow. A common summer resident, arriving from the 
south early in April, First one noted for 1899 was on April 
12. Before the white man came with his chimneys the swift 
built its nest in hollow trees. 

Family Trochilidae. 


44. TRocHILUS coLuBRIS (Linn.) Ruby-throated Hum- 
mingbird. Of the four hundred species of hummingbird 
known to occur in America, the ruby-throat is the only one 
found east of the Mississippi. It is a common summer resi- 
dent at Chapel Hill, arriving during the latter half of April. 

Family Tyrannidae. 

45. TYRANNUS TYRANNUS (Linn.) Kingbird; Bee Martin. 
This little pugilist, which does not hesitate to attack any in- 
truder which comes near its nest, is a common summer resi- 
dent about Chapel Hill. 

46. MYIARCHUS CRINITUS (Linn.) Crested Flycatcher. An 
abundant summer resident, building its nest in cavities of 
trees or stumps seldom more than twenty feet from the ground, 
The bird has the habit of using among its other nesting ma- 
terials a cast snake skin. First arrival for 1899 noted 
April 21. 

47. SAYORNIS PHOEBE (Lath.) Phoebe; Pewee. Summer 
resident. First noted in 1899 on April 30. Eggs have been 
taken by Mr. McNider. 

48. CONTOPUS VIRENS (Linn.) Wood Pewee. Common 
summer visitor. 

49. EMPIDONAX VERESCENS (Vieill,) Acadian Flycatcher. 
Listed for Chapel Hill by Prof. Atkinson. Probably a com- 
mon summer bird. 

Family Aladidae. 

50. OrocorIs ALPESTRIS (Linn,) Horned Lark; Shore Lark. 
Two specimens were brought me on November 23, 1898. They 
were said to have been shot from a flock of about twenty in- 
dividuals. This bird can be expected only as an irregular 
winter visitor. 
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Family Corvidae. 


51. CYANOCITTA CRISTATA (Linn.) Blue Jay. An abundant 
resident, nesting in large numbers in the trees about the cam- 
pus and village. A set of five eggs taken from a nest on May 
11, 1899, were slightly incubated. 

52. Corvus AmericANus (Aud.) American Crow. Com- 
mon bird. Breeds in numbers. 

53. DoL_icHonyx OorRyzIorus (Linn,) Bobolink; Reedbird; 
Ricebird. Occurs as a fall and spring migrant, but not acom- 
mon species at any time. I noticed a flock of six individuals 
consisting of two males and four females on the campus May 
20, 1899. 

54. AGELAIUS PHOENICEUS (Linn.) Red-winged Blackbird, 
A resident, but nevera very abundant bird. It builds its nest 
in the bushes and trees along creeks. 

55. STURNELLA MAGNA. Meadowlark; Old Field Lark. 
Of common occurrence in autumn and winter. During the 
winter months of 1898-99 a flock of about forty individuals 
remained constantly on the college campus. The birds may 
possibly breed in limited numbers in this region. 

56. IcTERUS sPpuRIUS (Linn.) Orchard Oriole. Not an un- 
common spring visitor, and very probably remains through 
the summer to nest. 

57. SCOLECOPHAGUS CAROLINUS (Mull.) Rusty Blackbird. 
Two were shot by Mr. Ivy Lewis on Februrary 3, 1899, from 
a small flock, which was feeding along the branch in the 
grove just south of the campus. Later in the month several 
others were seen. ; 

58. QuIscULUS QuISCcULA (Linn.) Purple Grakle. Mr. Mc- 
Nider noted a small flock of these on Easter Monday, 1898. 
On December 28, 1898, I saw one on the college campus. They 
probably do not spend the summer in Orange county, 

Family Fringillidae. 

59. CARPODACUS PURPUREUS(Gmel.) Purple Finch. An abun- 

dant winter resident. They appear to have a great relish for 


the buds of the wahoo or winged elm (U//mus alata) and may 
often be seen in large numbers feeding on these trees. 
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60. PASSER DOMESTICUS (Linn.) House Sparrow; English 
Sparrow. An abundant resident. They multiply rapidly, 
each pair of birds raising several broods in a season. 

61. Sprnus Tristis (Linn.) American Goldfinch; Yellow- 
bird ; Lettuce bird. A familiar bird throughout the year. 

62. POOCAETES GRAMINEUS (Gmel.) Vesper Sparrow ; Bay- 
winged Bunting. Winter visitor, rather rare. 

63. AMMODMRAMUS SANDWICHENSIS SAVANNA (Wils.) Savan- 
na Sparrow. Common winter visitor. 

64. AMMODRAMUS SAVANNARUM PASSERINUS (Wils.) Grass- 
hopper Sparrow. Seen in winter and spring. A few may 
breed. 

65, ZONOTRICHIA ALBICOLLIS(Gmel.) White-throated Spar- 
row. An abundant winter sojourner, associating in flocks of- 
ten in company with the snowbird (/umco). Earliest arrival 
noted in 1897 was on October 4. 

66. SPIZELLA MONTICOLA (Gmel.) Tree Sparrow. Listed 
by Prof. Atkinson probably as a winter occurence. 

67. SPIZELLA SOCIALIS (Wils.) Cnipping Sparrow. One of 
our most abundant summer birds, building its nest in the 
trees and bushes about the campus. First spring arrival 
for 1899 was seen on April 11. 

68. SPIZELLA PUSILLA (Wils.) Field Sparrow. Common 
summer resident. It nests in low bushes or on the ground. 

69. JUNCO HYEMALIS (Linn.) Slate-colored Junco; Snow- 
bird. ‘This is one of our best known winter friends, and is 
met with in numbers from tke time of its arrival late in the 
autumn until the warm April days. It then leaves for its 
summer home in the north. There is a common saying about 
the country that this bird in the spring tirns to a sparrow, 
and in the fall of the year again assumes the dark coat and 
hood of the snowbird. My first record of its arrival in the 
fall of 1897 is October 30. 

70. PEUCAE AESTIVALIS BACHMANII (Aud.) Bachman’s 
Sparrow. ‘‘One taken frqma breeding pair by myself at 
Chapel Hill. The nest was found by Willie Gullick; eggs 4, 
size .63x.70, dull whitish; nest a bulky structure on the 
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ground made of coarse grasses.” —Atkinson’s Catalogue. Itis 
probably a regular summer resident. 

71. Me.ospiza Fascrara (Gmel.) Song Sparrow. A com- 
mon winter visitor. Its strong clear song is one of the char- 
acteristic notes of a winter’s evening in the fields about 
Chapel Hill. 

72. MELOSPIZA GEORGIANA (Lath.) Swamp Sparrow. A 
common winter visitor. 

73. PASSERELLA ILIACA (Merr.) Fox Sparrow. This 
handsome brown fellow, the largest of all our sparrows, is a 
common though not an abundant winter bird. It avoids the 
open fields and may be found along the borders of thickets 
and in shrubbery. The first one seen by myself in the fall of 
1897 was on November 17. 

74. PIPILO ERYTHROPHTHALMUS (Linn.) ‘Towhee; Che- 
wink; Swamp Robin. This is a common bird during the 
migrations, haunting the thickets and the border of wooded 
streams. 

75. CARDINALIS CARDINALIS (Linn.) Cardinal; Redbird. 
These beautiful and interesting birds are constant residents 
in this region. Their nests, composed mainly of twigs and 
leaves and lined with rootlets are generally situated in small 
trees. Three or four is the number of eggs deposited. May is 
the usual month for breeding. 

76. HABIA LUDOVICIANA (Linn.) Rose-breasted Grosbeak. 
A rare spring transient. 

77. GUIRACA CAERULEA (Linn.) Blue Grosbeak. Recorded 
by Prof. Atkinson. Found to occur only in the summer. 

78. PASSERINA CYANEA (Linn.) Indigo Bunting ; Indigo- 
bird. An abundant summer resident, building its nest in 
small trees and bushes a few feet from the ground, 


Family Tanagridae. 

79. PYIRANGA ERYTHROMELAS (Vieill.) Scarlet Tanager. 
Rather a rare spring transient. Have seen themin April and 
May. 

80. PrRANGA RUBRA (Linn.) Summer Tanager; Summer 
4* 
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Red-bird. An abundant and conspicuous denizen of the 
groves and orchardsinsummer. It constructs a nest of leaves, 
small strips of bark, and grass, situated usually on a hori- 
zontal limb from ten to twenty feet from the ground. 


Family Hirundinidae. 

81. ProGNE supis (Linn.) Purple Martin. Have seen 
only a few. These came as spring migrants. They would 
likely spend the summer and breed, if suitable nesting places, 
such as bird boxes on poles, were furnished them. I know of 
none that nest here, nearer than eight miles from town. Dr. 
Kemp P. Battle informs me that forty years ago these birds 
were common summer residents. 

82. CHELIDON ERYTHROGASTER (Bodd.) Barn Swallow. 
Common transient. 

83. TACHYCINETA BICOLOR (Vieill.) Tree Swallow; White- 
bellied Swallow. A common spring migrant. 

84. STELGIDOPTERYX SERRIPENNIS (Oud.) Rough-winged 
Swallow. A summer visitor. Eggs secured by Mr. McNider 
from a hole in a clay bank in June 1899, I Believe to be of this 
species, 

Family Ampelidae. 

85. AMPELIS CEDRORUM (Vieill.) Cedax Waxwing : Cedar- 
bird. The sad lisping notes of the cedar-bird is one of the 
most common souids in the winter forest. The birds at this 
season usually associate in flocks of a few dozen individuals, 
and are often found clinging to the boughs of cedar trees, the 
berries of which they are very fond ot eating. it probably 
nests here. 

Family Laniidae. 


86. LANIUS LUDOVICIANUS (Linn.) Loggerhead Shrike. 
Rather a rare winter visitor. 1 have observed six individuals 
at Chapel Hill. 

Famiky Vireonidae. 

87. VirEO OLIVACEUS (Linn.) Red-eyed Vireo; ‘‘Hanging 

bird.” A common summer form. 
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88. VirEO FLAVIFRONS (Nieill.) Yellow-throated Vireo. 
One taken by myself May 20, 1899. Will doubtless be found 
to be of regular summer occurrence. 

89. Vireo souitrarRius (Wils.) Blue-headed Vireo. I se- 
cured a specimen on October 8, 1897, and within a week. three 
other birds were seen. It may be looked for with success 
only during the spring and autumn migrations. 

90. VIREO NOVEBORACENSIS (Gmel.) White-eyed Vireo. 
Prof. Atkinson records it as a ‘‘ rare summer visitor.” 

Family Mniotiltidae. 

91. Mnroriira vasta (Linn.) Black-and-White Creeping- 
Warbler. Common summer resident, nesting on the ground 
in the woods. Have found it more numerous during the fall 
migration, This attractive little white and black striped 
acrobat is apparently equally at home while searching for 
food along the under side of a limb, or clinging head down- 
ward on the huge bole of some forest tree. 

9% HELMITHERUS VERMIVORUS (Gmel,) Worm-eating 
Warbler. Listed by Prof. Atkinson. 

93. COMPSOTHLYPIS AMERICANA (Linn.) Parula Warbler. 
An abundant species in the spring and autumn, Is doubtless 
a summer resident also. 

94. DENDROICA AESTIVA (Gmel.) Yellow Warbler. Sum- 
mer resident. 

95. DENDROICA CAERULESCEUS (Ginel.) Black-throated 
Blue Warbler. Common migrants. I have usually found 
them haunting thickets bordering woodland streams. 

96. DENDROICA CORONATA (Linn.) Myrtle Warbler; Yel- 
low-rumped Warbler. Pilentiful in fall and spring, some re- 
maining through the winter months. 

97. DENDROICA MACULOSA (Gmel.) Magnolia Warbler. I 
have found this a rare bird at Chapel Hill. Have taken only 
two specimens, one a male on September 24, 1897, the other a 
female five days later. 

98. DENDROICA PENNSYLVANICA (Linn.) Chestnut-sided 
Warbler. Found only in transit. Have seen but one bird, it 
being a male taken on September 21, 1897. 
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99. DENDROICA CASTANEA (Wils.) Bay-breasted Warbler. 
On October 2, 1897, about six o’clock in the morning I shot a 
female JY. castanea and on October 8, another, a male. They 
are extremely rare birds, these being not only the first taken 
at Chapel Hill but are the first recorded in North Carolina. 
The skins of both specimens are preserved in the university 
collection 

100. DeNDROICA STRIATA (Forst.) Black-poll Warbler. 
Rather rare transient. ‘Took a female on October 9, 1897. 

101. DENDROICA BLACKBURNIAE (Gmel.) Blackburnian War- 
bler. Have found this only as a rare bird of of passage. 
Secured a female on October 16, 1897. 

102. DeNDROICA DOMINICA (Linn.) Yellow-throated War- 
bier. Spring migrant. Have observed but few. 

103. DenrROICA VIRENS (Gmel.) Glack-throated Green 
Warbler. I found this not an uncommon fall migrant. Took 
a female October 2, 1897. 

104. DeNDROICA viGorst!:Aud.) Vine Warbler. A com- 
mon resident. Have not found the nest. ‘The bird is said to 
build on horizontal limbs of pine trees from twenty to sixty 
feet from the earth. 

105. DENDROICA PALMARUM (Gmel.) Palm Warbler, (more 
probably the var. LD. p. hypochrysea, (Ridgw.).) Listed by 
Prof. Atkinson. 

106. DENDROICA DISCOLOR ( Vieill.) Prairie Warbler. Sum- 
mer resident, not uncommon. 

107. SeruruS AUROCAPILLUS (Linn.) Oven-bird; Golden- 
‘rowned Thrush. A migrant, First one seen in spring of 
1899 was on April 14. 

108. SEIURUS NOVEBORA CENSIS (Gmel.) Water-thrush. 
Not a very common transient. Have only seen a few speci- 
mens. 

109. SeEIURUSMOTA CELLA (Vieill.) Louisiana Water- 
thrush. Common summer resident. Observed as late in the 
fall of 1897 as September 21. First one seen in 1899 was on 
April 12. 

110. GEOTHLYPIS TRICHAS (Linn.) Maryland Yellow-throat. 
A summer bird doubtless breeding here. 
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111. IcrerRIA viseNs (Linn.) Yellow-breasted Chat. An 
abundant summer resident. Found usually along the border 
of woods or haunting the growths of bushes in open fields 
along streams. 

112. HoopED WARBLER, Catalogued by Prof. Atkinson, Is 
probably a rare summer resident. 

113. SETOPHAGA RUTICULLA (Linn.) American Redstart. 
A common migrant and a rather rare sojourner in summer. 


Family Motacillidae. 


114. ANTHUS PENNSILVANICUS (Lath.) American Pipit; Tit- 
lark. About nine o’clock on the morning of January 4, 1899 
I saw a flock of fully one hundred titlarks in the open piece 
of ground at the eastern side of the university campus. Have 
on two other occasions observed flocks of these birds at a dis- 
tance, but always during the coldest parts of the winter. 


Family Troglodytidae. 


115. Mrmus poLyGLorros (Linn.) Mockingbird. Several pairs 
of these birds are constant residents at Chapel Hill. There 
is a great differeace in the musical power of different birds of 
this species. An especially fine singer, has for the past two 
years or more dwelt among the shade trees of the lawns in the 
neighborhood of the Episcopal church. 

116. GALEOSCOPTES CAROLINENSIS (Linn.) Catbird. An 
abundant species in summer. The first ones arrive from the 
south near the middle of April. 

117, HARPORHYNCHUS RUFUS (Linn.) Brown Thrasher; 
Brown Thrush. These fine songsters come regularly to spend 
the summer in the thickets and groves about the village. 
Rarely also they spend the winter here. On January 2, 1899, 
I observed one on the lawn surrounding the home of Prof. 
Harrington. Itwas in company with a number of snowbirds 
and sparrows, and had apparently taken up its winter abode 
among them. 

118. THYOTHORUS LUDOVICIANUs (Lath.) Thisis one of the 
few species of birds which sing for us in the winter. It 
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remains here through the summer, breeding abundantly, The 
nest is made of a great quantity of dried grass, strings, leaves 
and other materials, and is placed in a wide variety of posi- 
tions ; such as in old tin cans hung up in trees, in knot holes, 
or under the eaves of houses, and under brush heaps in the 
woods. On May 17, 1899, I was shown a nest containing six 
eggs, which was built in a man’s cap hung against the slat- 
ted side of an out-house. 

119. TROGLODYTES AEDON (Vieill.) House Wren. Listed 
by Prof. Atkinson. Probably a rare transient. 

120. TROGLODYTES HIEMALIS ( Vieill.) Winter Wren. Com-~ 
mon in winter. 

121. CERTHIA FAMILIARIS AMERICANA (Bonop.) Brown 
Creeper. Common in winter, but not abundant. 

Family Paridae. 

122. Srrra CAROLINENSIS (Lath.) White-breasted Nut- 
hatch. Common resident. Nests in holes in tall trees, early 
in April. 

123. SirTaA pPusILLA (Lath.) Brown-headed Nuthatch. 
Have frequently found them in the pine groves in April and 
May. 

124. PARus BICOLOR (Linn.) Tufted Titmouse. Common 
resident. Eggs number from four to six, and are depos- 
ited in the cavities of trees. 

125. PARUS CAROLINENSIS (Aud.) Carolina Chicadee, A 
common and noisy resident ; often associating in small flocks 
in company with the titmouse. The nest is made in holes in 
small trees or posts, from five to light eggs being deposi- 
ted. 

Family Sylvavudae. 

126. REGULUS SATRAPA (Litcht.) Golden-crowned Knight 
A winter resident. It is worth a search in the winter forest 
to get a glimpe of this most exquisite gem of diminutive bird 
life, with his olive-green coat and bright orange and yellow 
crest. His summer home is among the evergreens of the 
mountains, and of the far north. 
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127. REGULUS CALENDULA (Linn.) Ruby-crowned Knight. 
Have found it to be a less abundant species than the forego- 
ing. More common during the migration period. 

128. PoLIopriLA CAERULEA (Linn.) Blue-gray Gnatcatcher. 
Very abundant summer resident, breeding in April and May. 
Eggs four to six. 


Family Turdidae. 

129. TurDUS MUSTELINUS(Gmel.) Wood-Thrush; Wood Rob- 
in. This is the most abundant and characteristic summer 
bird of Chapel Hill, building the nest for its four greenish- 
blue eggs in the shade trees of the lawns and streets. The 
first arrival noted from the south in the spring of 1899 was 
one heard singing on April 22. 

130. TurpDus FUSCESCENS (Steph.) Wilson’s Thrush. No- 
ted by Prof. Atkinson, Probably seen in trarisit. 

131. TuRDUS USTULALUS SWANISONII (Cal.) Olive-backed 
Thrush. Occurs only as a migrant. One specimen taken Sep- 
tember 26, another October 9, 1897. 

132. TurRDUS AONALASCHKAE PALLASII (Cab.) Hermit 
Thrush. The common winter thrush. 

133. MERULA MIGRATORIA (Linn.) American Robin. A 
well known resident. Breed, building their nests in shade 
and orchard trees. 

134. SIALIA SIALIS (Linn.) Bluebird. Since the severe cold 
weather early in the year 1893, which proved so destructive 
to bird life in the Eastern States, the bluebird has been scarce. 
Of late, however, the species is beginning to assume more 
nearly its former numbers. 


Oct. 1, 7899. Guilford College, N. C, 
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